Background: We determined the prevalence, morphology, and severity of coronary artery plaque in high-risk patients via 64-slice cardiovascular computed tomography (CVCT). Methods: Based on chart review, 101 subjects having a 64-slice CVCT were assigned to one of three groups: type 2 diabetes, metabolic syndrome, or comparison. Disease severity was classified as: no disease, subclinical disease (lesions <70%), or clinically significant disease (lesions >70%). Plaque morphology was stratified as either vulnerable or stable plaque by Houndsfield units and established American Heart Association criteria. Results: Diabetic subjects had the highest prevalence of CAD (78%), compared to 65% in the metabolic syndrome subjects and 55% in the comparison group (p<.05). Diabetic subjects were also most likely to have both significant CAD (41%), and stable plaque (52%) followed by metabolic syndrome subjects (33% and 25%) and the comparison group (15% and 20%) (p < 0.05). The metabolic syndrome group was most likely to have vulnerable lesions (36%) potentially placing them at increased risk of acute events. 22% of subjects in the diabetes group, 35% in the metabolic syndrome group, and 45% in the comparison cohort were disease-free. Conclusions: 64-slice CVCT allows non-invasive diagnosis and stratification of subjects with diabetes and the metabolic syndrome, providing relevant information regarding coronary disease prevalence, severity, and plaque composition, that are statistically different among these high risk patient cohorts. (Int J Diabetes Metab 14: 120-125, 2006) 
Introduction
Over the last 50 years, the incidence and prevalence of coronary artery disease (CAD) have climbed steadily in the majority of westernised countries. 1 Statistics also reveal that human society is in the midst of an epidemic of obesityrelated disorders and type 2 diabetes. 2 The entities of prediabetes and the metabolic syndrome are three times as common, 3 and are believed to increase the risk of progression to type 2 diabetes and cardiovascular disease. The latter remains the primary cause of diabetes-associated morbidity and mortality, as more than two-thirds of people with diabetes die of heart or vascular disease. 1 The impact of diabetes on cardiovascular disease is further illustrated by the fact that the risk of developing a myocardial infarction in diabetic patients without known heart disease is equivalent to the risk observed in non-diabetic survivors of a prior infarction. 4 Because of the high incidence of CAD among diabetic patients, the need for accurate and early identification is paramount. CT angiography has received a boost recently with the availability of the 64-slice CT scanner. The latest generation of CT scanners can provide exquisite imaging of _______________________________________ Received on: 13/5/06 Accepted on: 30/11/06 Correspondence to: Jeffrey J. Fine, Department of Investigator Initiated Research, South Carolina Heart Center, PA, 63 Lawrin Ct., Irmo, SC 29063, (803) 360-4756, Fax: (803) 407-9276, jfine@cvinnovations.net cardiac structures, coronary plaque morphology data, and details of atherosclerotic lesions quickly and with minimal patient discomfort or risk.
We undertook a retrospective review of patients who underwent cardiovascular CT (CVCT) angiography at the South Carolina Heart Center from the time of acquisition of the machine in December 2004 to the present. The objectives of this study were to determine the prevalence and severity of coronary atherosclerosis between nondiabetic patients, subjects with type 2 diabetes, and those with the metabolic syndrome. We also sought to determine if coronary plaque morphology, composition, and characteristics varied between the three groups.
Materials and Methods
One hundred and one adult patients were studied retrospectively. Patients referred to the South Carolina Heart Center (Columbia, SC) by primary care physicians for a diagnostic angiography for suspected CAD were included in this study. Information on body weight, waist circumference, blood pressure, cholesterol, serum creatinine, fasting glucose, and glycosylated hemoglobin (HbA1c) was collected if available.
Patients were assigned to one of three study groups based upon their medical chart: nondiabetic (controls), type 2 diabetes, or the metabolic syndrome. In most cases, the existence of diabetes had already been noted by the patients' primary or referring physician. In other subjects (Table 2) were utilised. Note that an overlap exists between type 2 diabetes and the metabolic syndrome with some individuals satisfying the diagnostic clinical criteria for both conditions. For the purposes of this study, any subject who fulfilled the American Diabetes Association (ADA) criteria for the diagnosis of diabetes was assigned to the type 2 diabetes group. Impaired fasting glucose (IFG) or impaired glucose tolerance (IGT) was used as one of the possible diagnostic features for the metabolic syndrome.
All subjects had CVCT angiography as a part of their normal clinical course. Procedures were performed at the South Carolina Heart Center using the Siemens Sensation Cardiac 64-Slice CT. Using a 64-slice CVCT scanner, a volume data set was acquired (64 x 0.6-mm collimation, gantry rotation time 33 ms, pitch .2 mm, tube voltage of 120 kV), covering the distance from the carina to the diaphragmatic surface of the heart. Tube current was modulated according to the EKG, with a maximal current of 500 mA during a time period of 330 ms centered around 55% of the cardiac cycle and reduction by 80% during the remaining cardiac cycle, leading to an FDA estimated average effective radiation dose of 4.3 mSv
. 5 Crosssectional images were reconstructed with a slice thickness of 0.75 mm in 0.4 mm intervals with the use of an ECG gated half-scan reconstruction algorithm 6 to obtain an image acquisition window of 164 ms. All vessels > 1.5mm were evaluated. Patients with a resting heart rate >60 beats per minute were intravenously medicated with Lopressor (Metoprolol; 5 mg) to enhance image quality and reduce distortion. A heart rate of 60 beats per minute or less critically influences image quality and is considered a threshold that is desirable to minimize motion artefacts. 7 The CVCT scans were read by a trained cardiologist through the South Carolina Heart Center. Subject's disease status was categorised as: no disease, subclinical disease (one or more coronary lesion between 10%-70%), and clinically diseased (one or more lesions >70%). Plaque morphology, as defined by Houndsfield unit definitions was stratified as: unreported/unknown, vulnerable plaque (AHA type IV/Va lipid core plaque), or stable plaque (AHA type Vb (calcific) or Vc (fibrotic) plaques).
Descriptive statistics (frequency distributions and mean values) were completed for each patient cohort. All values are presented as the mean ± standard deviation. Statistical significance was evaluated among the three cohorts using the one-way ANOVA. Differences were considered to be statistically significant at P value of <.05.
Results
One hundred and one adult subjects were assigned to predefined study cohorts (diabetic, metabolic syndrome, control) for this analysis. The diabetic cohort consisted of 27 subjects, 10 of which were male (37%). The mean age of the diabetic cohort was 62 ± 12 years (range 34-82). There were 34 subjects assigned to the metabolic syndrome cohort, 20 of which were male (59%). The mean age of the metabolic syndrome cohort was 59 ± 12 years (range 34-74). There were 40 subjects assigned to the control/comparison group, 22 of which were male (55%). The mean age of the control cohort was 59 ± 12 years (range 30-81).
All visualised coronary vessels with a diameter greater than 1.5mm were included in this evaluation. Ninety-nine vessels could be evaluated in the diabetic cohort with 5% of vessels uninterpretable due to motion artifact, erratic heart rate, or insufficient image quality. Within the metabolic syndrome cohort, 114 vessels were evaluated with 6% of the vessels uninterpretable. Among controls, 165 vessels were evaluated with 5% of vessels uninterpretable.
The prevalence of atherosclerotic heart disease was calculated within each study cohort (Figure 1 ). There was a distinct and statistically significant (p<0.05) linear effect among the study cohorts. Diabetic subjects had the highest prevalence of CAD at 78% (21/27). Those subjects having metabolic syndrome had a CAD prevalence rate of 65% (22/34), while the comparison group had a prevalence rate of 55% (22/40).
The distribution of subjects falling into the three disease stratifications (no disease, subclinical disease, clinical disease) was calculated within each of the study cohorts (Figure 2) . A linear relationship exists among subjects having no disease. Forty-five percent of the comparison cohort had no CAD, while only 35% of metabolic syndrome subjects and 22% of diabetics were disease-free (p<.05). Subjects with clinically significant disease (one or more coronary vessel at least 70% occluded) also had a statistically significant (p<0.05) linear relationship among the study cohorts. Diabetic subjects were most likely to have clinically significant CAD (41%). Metabolic syndrome subjects evidenced clinical disease in 33% of cases, while only 15% of the comparison group was found to have clinically significant CAD. The distribution of subjects having subclinical CAD (one or more lesions between 10%-70% occluded) was fairly comparable among study cohorts: diabetics 37%, metabolic syndrome 32%, and controls 40%.
The distribution of subjects having vulnerable (AHA type IV/Va lipid core) plaque was staggered among the study cohorts ( Figure 3 ). Only 22% of diabetic subjects were found to have lipid core lesions. Of those with metabolic syndrome, 36% were most likely to have vulnerable coronary lesions. Thirty-three percent of the comparison group was found to have vulnerable plaque. A graded and statistically significant (p<0.05) relationship was found to exist among the study cohorts when analysing the distribution of stable plaque (AHA type Vb (calcific) or Vc (fibrotic). Fifty-two percent of diabetic subjects had stable coronary lesions, while only 25% of metabolic syndrome subjects and 20% of the comparison group evidenced the same lesion morphology.
Discussion
It is imperative that accurate and relatively noninvasive tests be developed to detect CAD early in high-risk individuals, thereby reducing the burden of mortality, morbidity, and cost stemming from these disease states. Additionally, the analysis of the morphological composition of coronary lesions has tremendous implications. Heterogeneous plaque is an independent risk factor for stroke or coronary event regardless of the degree of stenosis. [8] [9] [10] Atherosclerotic plaque stability is directly related to the histological composition. 11 The American Heart Association has designated the different types of human atherosclerotic lesions according to their pathology. 12 Because of the heterogeneity in the composition of human atherosclerotic plaques, reliable noninvasive imaging that can detect early atherosclerotic disease and characterize the composition of the plaques is clinically desirable. 13 Disruption-prone plaques, the so called "vulnerable plaques" (Type IV/Va), tend to have a thin fibrous cap (cap thickness ~ 65 to 150 um), a large lipid core occupying more than 40% of the plaque's volume, increased numbers of macrophages, reduced numbers of smooth muscle cells, and an increased expression of tissue 
CAD Prevalence by Study Cohort

CAD Prevalence
factor. 13, 14 Acute coronary syndromes often result from a disruption of a modestly stenotic vulnerable plaque, and subjects with vulnerable plaques were discovered to have a much higher event risk than those with other types of plaque based on the results of the Tromso study. 15, 16 The only fully reliable method for plaque classification is histology. 17 Few data exist regarding the morphology of the vulnerable plaques in clinical settings, and as a result, prognostic risk models have had limited success in predicting coronary events. 18, 19 CVCT is an effective and relatively non-invasive method for the detection of atherosclerosis and may accurately classify plaque composition within the arteries. 20, 21, 22 Investigators have reported a high degree of sensitivity and specificity for detection of coronary stenoses with thin-slice (16-slice) spiral CT 23 and multiplanar reconstruction, 24 demonstrating excellent correlation with angiography. With the use of 64-slice CVCT scanners promising possibilities have surfaced that enable noninvasive coronary imaging and permit, not only plaque detection and quantification, but also potentially plaque classification, thus improving existing prognostic models. The latest generation of multislice tomography techniques offers an enhanced spatial and temporal resolution, 25 thus allowing detailed information about plaque architecture and composition. High-resolution visualization of atherosclerotic plaque morphology and architecture, with respect to thickness and stability of the protective fibrous cap, offered with the 64-slice CVCT could be instrumental for identifying vulnerable coronary plaques that lead to acute events. 26, 27 Our review is the first to evaluate the increased coronary atheromatous burden in patients with type 2 diabetes and the metabolic syndrome with CVCT, and provides interesting insights into the characteristics of the disease in these high-risk populations.
It is to be noted that even our comparison group had a higher risk of CAD because of being a cohort that was referred for cardiac evaluation due to symptoms or clinical features. Nevertheless, the prevalence of CAD was predictably higher in the patients with the metabolic syndrome compared with the comparison group, since by definition the former had a clustering of multiple cardiovascular risk factors. The analysis also reinforces the extremely elevated risk that the majority of patients with diabetes face, since this group had the highest prevalence of CAD. Figure 2 illustrates an interesting data distribution that may appear deceptively counter-intuitive but makes sense on closer scrutiny. Most of the patients with subclinical (<70% lesions) disease were in the control group, but this was probably because a greater proportion of patients in the metabolic syndrome and diabetes groups fell in the clinical disease category. As expected, the control group had the highest proportion of disease-free subjects, while the diabetes group had the lowest. Finally, patients with diabetes made up the majority of those with significant coronary lesions.
Subjects with diabetes had, by far, the highest frequency of total and stable lesions, reiterating the status of the disorder as a powerful "cardiac risk equivalent". However, vulnerable plaques were more likely to be seen in the other two groups, mainly because the long time-frame of coronary pathology seen in patients with diabetes leads to chronic, fibrotic, more "stable" lesions. Referral patterns may have played a part as well. In a situation where highrisk patients, especially those with pre-existing multiple risk factors as in the metabolic syndrome, are being evaluated, the likelihood of unstable lesions increases. This should not be construed as seemingly minimizing the risk that patients with diabetes face, since they have a much higher prevalence of coronary atherosclerotic plaques overall and are prone to "silent ischemia" that can lead to anatomic chronicity over time.
Patients with type 2 diabetes and the metabolic syndrome may have a higher prevalence of subclinical atherosclerosis and may progress to occlusive disease more rapidly than those without diabetes or metabolic syndrome. Many patients with diabetes already have evidence of early stage cardiovascular disease and it is essential that these patients be treated early with proven therapies to reduce their risk of future cardiovascular events. Insulin resistance in diabetes was linked to carotid intimal thickness and atherosclerosis. 28 The Chest Pain Evaluation by creatine kinase-MB, myoglobin, and troponin I (CHECKMATE) trial evaluated 30-day clinical outcomes after initial presentation of cardiovascular disease symptoms in both a diabetic and non-diabetic population. The results substantiate the need for early detection of cardiovascular disease within the diabetic population as the overall major acute coronary event (Death/ MI/ Revascularization) rate was three times higher in the diabetic cohort (19% and 6%, respectively). 29 Similarly, according to an analysis of 6,200 adults followed for 13.3 years, the presence of the metabolic syndrome significantly increased the risk of death from coronary heart disease and cardiovascular causes. 30 Previous studies have failed to provide accurate, inexpensive, and relatively noninvasive imaging techniques to detect early, subclinical, yet potentially unstable, atherosclerotic cardiovascular lesions in at-risk patients (such as those with diabetes and the metabolic syndrome). Since patients with type 2 diabetes and the metabolic syndrome have an increased incidence of coronary artery disease, they constitute a very important group to evaluate using the promising new technology of CVCT.
In conclusion, cardiovascular CT angiography is an emerging technology that carries great potential for delineating the epidemiology and distribution of coronary atherosclerosis in a way never before envisioned. It has the ability to identify subclinical disease, stratify existing lesions, and noninvasively detect critical or advanced disease. The 64-slice CVCT is the latest advance in this field. Our results suggest that CVCT provides clinically relevant information regarding coronary disease prevalence, severity, and plaque composition. It has a promising role for non-invasive detection and stratification of coronary atherosclerosis in diabetes, the metabolic syndrome, and possibly other high-risk patients. It is obvious that further studies are needed in this exciting and important field of cardiovascular imaging and macrovascular disease, especially in individuals with multiple risk factors.
